Purpose The purpose of this study is to determine whether breast cancer subtype can affect locoregional recurrence (LRR) and ipsilateral breast tumor recurrence (IBTR) after neoadjuvant chemotherapy (NAC) and breast-conserving therapy (BCT). Results After a median follow-up period of 7.2 years, 26 IBTRs and 37 LRRs occurred. The 5-year LRR-free survival rates were luminal A, 96.4%; B1, 93.9%; B2, 90.3%; HER2(T+), 92.9%; HER2(T-), 78.3%; and TN, 79.6%. The 5-year IBTR-free survival rates were luminal A, 97.2%; B1, 93.9%; B2, 92.8%; HER2(T+), 92.9%; HER2(T-), 89.1%; and TN, 84.6%. In multivariate analysis, HER2(T-) (IBTR: hazard ratio, 4.2; p=0.04 and LRR: hazard ratio, 7.6; p < 0.01) and TN subtypes (IBTR: hazard ratio, 6.9; p=0.01 and LRR: hazard ratio, 8.1; p < 0.01) were associated with higher IBTR and LRR rates. A pathologic complete response (pCR) was found to show correlation with better LRR and a tendency toward improved IBTR controls in TN patients (IBTR, p=0.07; LRR, p=0.03).
Introduction
Neoadjuvant chemotherapy (NAC) has generally been used in treatment of locally advanced and inflammatory breast cancer, but its use is increasing for earlier stages of the disease [1] [2] [3] . The number of patients who are candidates for breast conserving treatment (BCT) increases with the use of NAC, which downsizes tumors, facilitating BCT in patients who would otherwise require mastectomy [2, 4] . Several clinical trials have reported equivalent impacts of neoadjuvant versus adjuvant chemotherapy on survival [2, 3] . The locoregional recurrence (LRR) rate was also acceptably low in patients treated with NAC followed by breast conserving surgery (BCS) and radiotherapy (RT) [2, 4, 5] .
DNA microarray analysis of gene expression profiles has divided breast cancer into distinct molecular subtypes with different clinical outcomes and responses to treatment, including estrogen receptor (ER)-positive/luminal, basallike, and HER2-positive subtypes [6, 7] . However, DNA microarray analysis has challenges for wide use in routine clinical care, determination of molecular subtypes based on clinically available immunohistochemical (IHC) markers such as hormone receptor (HR) and HER2 status has been considered and validated as a more practical approach to identification of the corresponding subgroups based on gene expression profiling [8, 9] . It has been demonstrated that different molecular subtypes can predict LRR in addition to survival and distant metastasis (DM) in the adjuvant setting [10] [11] [12] . However, the impact of molecular subtypes on ipsilateral breast tumor recurrence (IBTR) and LRR in patients who undergo NAC warrants further investigation. Therefore, the current study was conducted to evaluate whether molecular subtypes can identify patients at high risk for IBTR and LRR following NAC and BCT.
Materials and Methods
This was a single-institution retrospective review of an Institutional Review Board-approved prospective breast cancer database. A total of 335 consecutive patients with nonmetastatic breast cancer who underwent NAC followed by BCS and RT from 2002 to 2009 were identified. Before initiation of NAC, all patients had been clinically staged according to the sixth edition of the American Joint Committee on Cancer (AJCC) guidelines. Clinical stages were evaluated by physical examination, ultrasonography, fluorodeoxyglucosepositron emission tomography (PET)/computed tomography (CT), and chest CT. Clinicopathological data were recorded, including age, menopause status, cT stage, cN stage, pathological tumor size, number of lymph nodes (LNs) identified pathologically, histological type, histological grade, ER, progesterone receptor (PR), HER2, and Ki-67 status. NAC consisted of anthracycline-based (doxorubicin 60 mg/m 2 and cyclophosphamide 600 mg/m 2 every 3 weeks for four cycles, n=150), taxane-based (docetaxel 75 mg/m 2 and capecitabine 1,000 mg/m 2 orally twice daily on days 1-14 every 3 weeks for four cycles, n=85; paclitaxel 80 mg/m 2 followed by gemcitabine 1,200 mg/m 2 on days 1 and 8 every 3 weeks for four cycles, n=27), or combined anthracyclinetaxane-based therapy (doxorubicin 60 mg/m 2 and cyclophosphamide 600 mg/m 2 every 3 weeks for four cycles followed by docetaxel 100 mg/m 2 every 3 weeks for four cycles, n=73). A total of 245 patients (73.1%) were treated in one of the two prospective institutional clinical trials. Full details of the regimens used have been previously reported [13, 14] . NAC regimen for the remainder was chosen at physician's discretion. In the BCS procedure, residual primary tumors were excised, and clear margins to healthy tissues were determined from frozen biopsy specimens. However, five patients with persistent positive resection margins in the final pathology reports declined further surgical resection. No further revision surgery was attempted in 30 patients with close resection margins (< 2 mm). Standard level I and II axillary LN dissections were performed in all except 14 patients who underwent sentinel LN biopsy without axillary dissection. No residual tumor or only carcinoma in situ in both primary breast tumor and LNs was considered pathologic complete response (pCR). Following BCS, RT was performed with tangential fields at a median dose to the breast of 50.4 Gy in 28 fractions over 5.5 weeks in all patients. All patients received an electron boost to the tumor bed with a median dose of 10 Gy in five fractions. Supraclavicular nodal RT was delivered in 318 patients (median dose, 45 Gy in 25 fractions). Internal mammary nodal RT was administered at a median dose of 55 Gy to only seven patients with pre-NAC initial PET-positive internal mammary LNs. Adjuvant hormone suppression therapy was offered to all patients with ER-positive or PR-positive tumors. Some patients showed changes in ER and PR expression before and after NAC, but hormonal suppression therapy was administered to all patients whose tumors were ER-or PR-positive in one or more tests. Following RT, trastuzumab was administered for 1 year to 36 patients with HER2-positive tumors.
An IHC assay was used to evaluate the expression of the ER, PR, HER2, and Ki-67 markers in pretreatment core biopsies. ER and PR positivity were defined using the Allred score when strong nuclear staining was observed in at least 3/8 tumor cells examined [15] . ER and PR status were categorized as HR-positive when ER or PR staining was positive, and as HR-negative when ER and PR staining were negative.
Immunostaining for HER2 was considered positive in the case of strong (3+) membranous staining in at least 10% of tumor cells, or in the case of 2+ with unequivocal amplification by fluorescence in situ hybridization [16] . For evaluation of Ki-67, areas with the highest Ki-67 staining were examined [17] ; 15% was used as the cut-off value for Ki-67 to dichotomize the patients [18, 19] . According to the IHC features on core biopsies before NAC, patients were classified according to IHC-based molecular subgroups as follows: luminal A (HR+/HER2-/Ki-67 < 15%), luminal B1 (HR+/HER2-/ Ki-67  15%), luminal B2 (HR+/HER2+), HER2 (HR-/HER2+), and triple negative (TN) (HR-/HER2-). In this study, the HER2 group, which is known as an unfavorable feature, was divided into two subtypes based on the use of trastuzumab. The final six groups were as follows: luminal A, luminal B1, luminal B2, HER2 with trastuzumab (HER2[T+]), HER2 without trastuzumab (HER2[T-]), and TN.
The primary endpoints were IBTR and LRR. IBTR was defined as recurrent disease in the ipsilateral breast. LRR was defined as recurrent disease in the ipsilateral breast, chest wall or axillary, supraclavicular, infraclavicular, or internal mammary LNs. All IBTRs and LRRs were considered events, regardless of whether they were the first site of failure versus occurred with or after DM. Patients who did not experience IBTR or LRR were censored at the last follow-up or at the time of death. Distributions of the clinical factors among groups were compared using the Kruskal-Wallis test for continuous variables and the chi-square test for categorical variables. Actuarial rates of IBTR and LRR were calculated using the Kaplan-Meier method, and differences between groups were compared using the two-sided log-rank test. Logistic regression was used to evaluate the association between covariates of interest and the probability of IBTR or LRR. Multivariate analyses were performed using the Cox proportional hazards model. All calculations were performed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL). Two-tailed p-values < 0.05 were considered statistically significant.
Results
Clinicopathological characteristics by subtype are summarized in Table 1 . The median age was 48 years (range, 28 to 76 years). Significant differences in the distribution of histological type, histological grade, resection margin status, and response to NAC were observed among subtypes. In evaluation of the response to NAC, we noted a difference (p < 0.01) in pCR rates with a lower percentage of patients in the luminal A (10.6%) and B1 (6.1%) subgroups compared with patients in the HER2(T-) (35.5%), and TN (23.0%) subgroups.
The median follow-up period was 7.2 years (range, 0.7 to 11.6 years). Twenty-six IBTRs, 15 regional recurrences, 67 DMs, and 56 deaths occurred during follow-up ( Table 2 ). The 5-year LRR-free survival rates in the subtypes were as follows: luminal A, 96.4%; B1, 93.9%; B2, 90.3%; HER2(T+), 92.9%; HER2(T-), 78.3%; and TN, 79.6% (Fig. 1A) . Compared with the luminal A subtype, significantly higher LRR rates were observed for the luminal B2, HER2(T-), and TN subtypes (p=0.02, p < 0.01, and p < 0.01, respectively). The 5-year IBTR-free survival rates in the subtypes were as follows: luminal A, 97.2%; B1, 93.9%; B2, 92.8%; HER2(T+), 92.9%; HER2(T-), 89.1%; and TN, 84.6% (Fig. 1B) . The HER2(T-) and TN subtypes had significantly higher rates of IBTR compared with the luminal A subtype (p=0.04 and p < 0.01, respectively). Despite the same unfavorable molecular markers with HER2(T-), HER2(T+) subtype showed no difference in IBTR and LRR rates compared with the luminal A subtype. The 5-year DM-free and disease-free survival (DFS) rates were as follows: luminal A, 90.2%; B1, 75.6%; B2, 83.0%; HER2(T+), 85.7%; HER2(T-), 76.6%; and TN, 75.4% (Fig. 1C ) and luminal A, 88.4%; B1, 75.6%; B2, 81.9%; HER2(T+), 85.7%; HER2(T-), 70.0%; and TN, 72.1% (Fig. 1D) , respectively.
The clinicopathological variables associated with IBTR and LRR were analyzed by univariate and multivariate analyses (Table 3) . In univariate analysis, the factors affecting IBTR development included the TN subtype (p < 0.01), poorly differentiated tumors (p=0.03), and clinical T3-4 stage (p < 0.01). Luminal B2 subtype (p=0.03), HER2(T-) subtype (p < 0.01), TN subtype (p < 0.01), poorly differentiated tumor (p=0.01), and clinical T3-4 stage (p < 0.01) were also associated with lower LRR-free survival rates. In the multivariate model, the HER2(T-) subtype, TN subtype, and clinical T3-4 stage affected the development of both IBTR and LRR. Compared with the luminal A subtype, the HER2(T-) and TN subtypes were potent factors affecting IBTR/LRR, with hazard ratios of 4.2 (p=0.04)/7.6 (p < 0.01) and 6.9 (p=0.01)/8.1 (p < 0.01), respectively (Table 3) . Notably, a pCR after NAC was not associated with the development of IBTR (p=0.39) or LRR (p=0.65). Patients of the HER2(T+) subtype had significantly lower hazard ratios for IBTR and LRR compared with HER2(T-) patients.
In the analysis of IBTR and LRR according to pCR versus non-pCR after NAC, patients of the TN subtype who failed to achieve pCR showed a significantly higher LRR (p=0.03) ( Fig. 2A) rate and a trend toward higher IBTR (p=0.07) (Fig. 2B ) rate compared with those who achieved a pCR. However, among patients of the non-TN subtypes, including HER2(T-), no significant effect of a pCR on either LRR (p=0.52) (Fig. 2A) or IBTR (p=0.41) (Fig. 2B ) was observed.
Discussion
Breast cancer is now regarded as a biologically heterogeneous disease comprising different molecular subtypes, each with a different prognosis and response to treatment [10] [11] [12] . These subtypes, including luminal, HER2, and basal-like, can be defined by gene expression profiling [6, 20, 21] or approximations to this classification using IHC [8, 9] . Clinicians should consider these features for proper assessment of the relevant evidence and decide on an appropriate therapeutic course of action. In a series of women with clinical stage II-III breast cancer who underwent NAC and BCT, we found that molecular subtypes showed correlation with different rates of IBTR and LRR. The TN and HER2(T-) subtypes had worse outcomes with significantly higher IBTR and LRR rates than those of other subtypes despite excellent tumor responses to NAC.
Several authors have examined the impact of molecular subtype on LRR in different patient populations. Nguyen et al. [10] evaluated 793 patients treated with BCT as a first-line intervention. After a median follow-up period of 70 months, the 5-year LRR rate was 0.8% for luminal A, 8.4% for HER2, and 7.1% for basal subtypes. Arvold et al. [22] also evaluated Values are presented as number (%). HER2(T+), HER2 with trastuzumab; HER2(T-), HER2 without trastuzumab; pCR, pathologic complete response; IDC, invasive ductal carcinoma.
differences in LRR according to subtype in patients undergoing BCT as initial treatment. These patients were classified based on receptor status as well as nuclear grade, with subgroups defined as luminal A (HR+/HER2-/grade 1-2), luminal B (HR+/HER2-/grade 3), luminal HER2 (HR+/ HER2+), HER2 (HR-/HER2+), and TN (HR-/HER2-). The 5-year LRR rates were 0.8% for luminal A, 10.8% for HER2, and 6.7% for TN subtypes. In contrast to our study, both of these studies were limited to patients undergoing initial surgery [10, 22] . Vargo et al. [23] analyzed 331 patients receiving NAC plus BCT or mastectomy. After a median follow-up period of 43 months, 5-year LRR rates were 3.8%, 1.3%, and 4.2% for luminal A, HER2, and basal subtypes, respectively. The molecular subtype and pCR predicted DM, DFS, and overall survival (OS). Meyers et al. [24] used constructed molecular subtypes for prediction of LRR in 149 patients.
Only patients who received NAC were included; however, patients underwent BCT or mastectomy. After a median follow-up period of 55 months, a higher rate of LRR in patients with basal (14%) versus luminal (4%) or HER2 (5%) tumors was reported. By evaluating only the 49 patients who underwent BCT, no LRR events were observed in the luminal or HER2 groups, while 8% of the basal group developed LRR. Most recently, Caudle et al. [25] analyzed the clinicopathological data from 595 patients who received NAC and BCT. After a median follow-up period of 64 months, the 5-year LRR-free survival rates were found to vary by subtype: HR+/HER2-, 97.0%; HR+/HER2+, 95.9%; HR-/HER2+, 86.5%; and HR-/HER2-, 89.5% (p=0.001). The pCR was associated with lower LRR rate. There appears to be several critical differences between our analysis and previously published data. First, our data encompassed a homogeneous group of patients with clinical stage II-III breast cancer who underwent NAC followed by BCT at a single institution, compared with the results from patients treated with NAC followed by BCT or mastectomy. To the best of our knowledge, the current study is unique in its analysis of the impact of molecular subtypes on IBTR and LRR in patients who underwent NAC followed by only BCT, which could be associated with the concerns regarding a higher LRR rate compared with mastectomy. Most previous studies have focused on DFS, OS, or LRR alone [23, [26] [27] [28] . Second, we analyzed patients who were treated recently, between 2002 and 2010. Other series included patients treated since 1991 or 1998 [10, 24] . Inclusion of patients from previous treatment eras may yield higher rates of LRR compared with those treated more recently due to several factors. The evolution of systemic therapy has resulted in better local control and better outcomes on systemic recurrence. The use of modern radiation techniques and the evolution of breast imaging may have an impact on the rates of IBTR and LRR. Third, we included 36 patients treated with trastuzumab, of whom 14 HER2(T+) patients had a better local outcome compared with HER2(T-) patients. Five-year IBTR-and LRR-free survival rates were 92.9% versus 89.1% and 92.9% versus 78.3% in HER2(T+) versus HER2(T-), respectively. This result suggests that the use of trastuzumab could alter the impact of the molecular subtype on local outcome in HER2 subtype patients. This might be useful information in the consideration of trastuzumab in HER2 subtype patients.
Last, we found that a pCR to NAC had no impact on locoregional outcomes in any patients of non-TN groups. In TN patients, however, a pCR was associated with excellent IBTR and LRR control. The association between the extent of response to NAC and prognosis has been examined [3, 5, 23, [25] [26] [27] . The best relative DFS [3, 26, 28] , as well as DM-free survival, and OS [23, 27] was observed in those who achieved a pCR. Min et al. [5] reported that a pCR to NAC Eunjin Jwa, Locoregional Recurrence by Molecular Subtype did not affect LRR or IBTR regardless of subtype, while Caudle et al. [25] reported that patients achieving a pCR had similar LRR rates among subtypes. However, our study had several limitations. First, the analysis was performed retrospectively. A second limitation was the modest number of patients evaluated; categorization according to the six subtypes resulted in a small number of patients in some subtypes, including HER2(T+), luminal B1, and HER2(T-) patients. Therefore, these findings should be confirmed in a larger prospective study in the future.
Conclusion
In conclusion, we demonstrated that the TN and HER2 subtypes predicted higher rates of IBTR and LRR after NAC followed by BCT. Among the non-TN subtype patients, pCR was not predictive of better IBTR or LRR. However, among the TN subtype patients, a pCR to NAC was a predictor of better LRR control. The use of trastuzumab influenced IBTR and LRR in patients of the HER2 subtype. Taken together, a novel locoregional treatment strategy to decrease IBTR and LRR such as mastectomy instead of BCT in TN subtype patients with non-pCR to NAC deserves further investigation. Improvements in systemic therapy, investigation of radiosensitizing agents, radiation dose escalation, and other new techniques may prove to be important.
Conflicts of Interest
Conflict of interest relevant to this article was not reported.
